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ETHYLENE  -  AN  ENDOGENIC  SUBSTANCE  IN  TUMOR  VECTORS 
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scientific  fact,  aciumulatod  on  carcinogenesis  glw  a  basis  for 
tbs  asswaptlon  that  with  tbs  fo—tion  of  tenor,  da.  to  naturU  — • 
in  a  number  of  ewes  th—  appear-  CWmloal  substance.  of  •» 
orlgln.  Bis  natars  of  thss.  substances  Is  not  known. 

an  exploration  carried  oat  by  tbs  author  earlier  of  pond.  In  «dU«* 
a  spontaneous  mass  appease  of  o— r  In  fibb  gill,  was  dl.««r- 
showed  that  In  the  gas  em—tlng  from  the  botwn  slims  and  dls..l«d 
in  th.  pond  water  the  ethylene  contest  reached  3  to  Ip  percent  (usually 
in  pond.  tb.  stbylene  conMnt  1.  only  0.3  to  0.S  pssssrt).  Bxp«-ie«t. 
carried  out  under  laboratory  condition,  on  the  influence  of  ethylene 
and  ..few  of  It.  primary  d.rlratire.  (ethyl—  oxide)  •» 
under  tb.  particular  condition,  caused  canosr  *f  tb.  flab  gills.  A  — 
nectlon  between  sols,  sickness  of  fish  in  pond,  due  to  .align—  tun— 
and  a  high  content  of  organic  residues  is  points  out  in  literature  . 

It  has  been  showrf" that  under  th.  action  of  ethylene  In  Plante 
a  tumor-lib.  growth  of  undifferentiate  tissue.  1.  f— *• 

Microorganism  Phltomona.  tum.fa.1— .  which  in  plants  produce,  "orems 


gall*  tumors  and  gives  off  gaseous  ethylene  has  been  isolated  Tr<m^ 
tumors  In  man  and  mice?*  K  .  It  has  been  shown  by  many  authors5  “ 
that  the  primary  derivatives  of  ethylene  (ethylene  oxide,  ethylene 
glycol  and  others )  possess  strong  mutagenic  and  carcinogenic  properties. 

Other  authors  have  discovered11  "  13  that  aqueous  solutions  of 
ethylene  "react  easily  with  albumin  and  f-globulin  In  mild  eemditiena 
whereby  1  mole  of  egg-albumin  or  (5-lac toglebulin  can  combine  with 
80  -  120  moles  of  ethylene  oxide.  At  the  same  time  the  reaction  is 
shifted  1  -  3  pH  units  to  the  basic  side.  Under  these  conditions  the 
resulting  protein  -  ethylene  oxide  compounds 

are  insoluble  dissociate  with  difficulty  when  the  reaction  medium  ia 
made  acidic  or  basic.  These  reactions  arc  Irreversible.  It  has  been 
established  that  ethylene  oxide  interacts  extremely  vigorously  with 

carboxyl-  and  sulfbydryl  -  groups. 

It  has  also  been  shown14  *  16  that  ethylene  oxide  interacts  with 
such  products  of  living  organisms  as  ammonia  and  amines  forming  ethanol- 
amine  and,partieularly  choline.  Upon  decomposition  of  choline  trimethyl- 
amine,  ethylene  glycol,  and  ethylene  oxide  ere  formed.  In  the  work  by 
Michel17  it  was  experimentally  shown  that  upon  decomposition  of  Choline 
in  the  animal  intestine  trimethylamine  is  formed.  Theoretically  also 

*1  ft 

ethylene  glycol  and  ethylene  oxide  should  be  obtained*  'D®nt  and  Malabo 
found  ethanol  amine  in  urine  of  the  liitdasl  afflicted  with  the  primary 
stage  of  cancer  of  the  liver  and  for  a  period  of  ?  months  observed  its 
separation  from  the  urine* 

There  Is.  basis  to  assume  that  ethanolamine  in  sueh  a  large  quantity 
in  the  organism  of  the  tumor-carrier  was  formed  from  endogenie  anaemia 
or  ethylene  oxide,  but  not  from  serine  upon  its  decomposition. 
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llTer  afflicted  with  a  huge  tumor  (the  weight  of  the  tumor  was  13*1  kg, 
and  comprised  about  1 A  of  the  total  weight  of  the  sick  animal),  probably, 
lost  its  ability  te  transform  ammonia  into  urea  and  it  could  accumulate 
in  grf t  ajmonia  and  ethylene  oxide  atbanolaaine  must', 

hare  ^orwi^.  normally  in  urine,  as  ie  known,  no  ethanolamin#  is  ^ 

-detected^-  * 

On  the  basis  of  the  facts  above  it  can  be  assumed  that  the  formation 
of  tumor  growth  is  possibly  the  result  of  an  interaction  of  several  pri** 
mary  derivatives  of  ethylene  (ethylene  oxide,  ethylene  glycol  and  others) 
with  the  proteins  of  the  living  organism,  in  the  result  of  which  the 
synthesis  of  the  protein  substance  is  distorted.  Probably,  these  ethylene 
derivatives  form  .  endogenously  in  the  organism  under  the  in¬ 

fluence  of  several  external  as  well  as  internal  faotors  from  such  pre¬ 
cursors  as  choline  and  ethylene*  from  the  first  one  by  decomposition, 
from  the  other  one  by  acidification.  Ethylene  in  turn,  probably,  forms 
in  the  living  organism  endogenously  in  the  same  manner  as  this  take  place 
in  the  higher  plants  and  fungi. 

In  this  report  data  are  given  on  an  experimental  investigation  of 
the'  problem  of  the  possibility  of  endogenic  formation  of  ethylene  in  the 
living  organism  under  normal  conditions  and  upon  af footing  the  organism 
with  malignant  tumo.a. 

Methods  of  Investigation 

She  work  was  performed  ' t' ” *diite  male  rats  weighing 
about  lOOg.  and  partly  with  ascarids.  The  following  groups  of  rats 
were  used:  healthy*  healthy, exposed  to  ultraviolet  light;  healthy, 
pre treated  with  small  doses  of  ethylene;  healthy,  after  a  subcutaneous 
injection  of  aluminum  oxide;  sick,  with  a  subcutaneous  inoculation  of 
sarcomas;  sick,  with  subcutaneous  abscess-.  The  animals  were  kept  in 

l  -  ■  •  '  .  .  j 
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Pastes  under  ordinary  diet.  For  inoculation  of  tumors  the 
sarcoma  strain  M  -  1  was  used.  Swine  ascarids  were  usea. 


Basically  the  methods  as  developed  and  applied  by  the  ratimr  fop  do- 
termination  of  small  concentrations  of  ethylene  (applicable  to  animal 
objects)  in  air  exhaled  by  animals  were  adapted  from  methods  developed 

for  detection  of  small  doses  of  ethylene  in  plants* 

%  m 

As  an  indicator  for  ethylene  were  used  ethylated  sprouts  a  pure  ns 
-  variety  of  the  white-grained,  vernalised  Viola  aativa  *h  -  10"  grown 
on  distilled  matter  in  darkness  at  20  -  22®  from  swollen  seeds  subjected 
to  a  vacuum  ruder  water  to  pressures  to  0*5  •  0,3  oa  of  ag  residual 
pressure,  Spreufcs  were  picked  according  to  jjBmtvvSragiai  the  length  of 
their  primary  roots  (radix)  within  ir  1  mm.  with  the  optimal  length  ef 
10-20  ns,  and  placed  in  40  mm.  long  glass  tubes;  the  tubes  were  mounted 
X»  boxes  with  $0  tubes  in  eaen.  Tubes  made  ef  filter  paper  were  placed 
in  the  glass  tubes,  tney  had  the  sene  length  as  the  glass  ones  (Pig,  1), 
The  boxes  wita  the  lower  ends  of  the  tubes  down  were  laoasrsed  ihte 
Petri  disees  containing  a  mineral  salt  selutien  suggested  by  D.  H,  Prya- 
nishnikev:  lj  -  1.20  g.j  2*  MgSO^  -  0.3  g.{  3)  Kd  -  0.00  g,j 

4)  CaSw^  -  0.Y2  g,;  5)  Cafl*^  -  0,o6  g.j  6)  PeClj  -  0,125  g.  in  5  1.  of 
aqueous  solution.  The  test  animals  in  groups  ef  three  were  placed  into 
0  liter  deselecting  equipped  with  tunes.  Using  tubing  passing  through  the 
t.uuos  mm  tae  dedicators  were  oeanected  with  similar  dessleaters  in  pair 
each  pair  forming  a  olosed  system.  In  the  ether  dessleater  the  blelogioal 
indicators- were  lecated(  Pig.  2). 

A  C02  absorber  was  connected  into  the  system  between  the  animal 
dessleater  and  the  dessleater  containing  the  indicators.  Threugn  this 
system  with  the  help  of  a  Richardson  bulb  air  from  the  animal  vessel 
was  pumped  into  the  vessel  containing  the  indicators  and  returned 
via  other  tubing  for  the  total  time  ef  two  hours  (air  was  exchanged 
25  times).  After  this  the  vessels  containing  the  indicators  were  discon¬ 
nected  with  the  tubes  having  been  closed  beforehand,  and  kept  at 
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20  -  22°ln  dwta...  for  24  hours.  Aftor  24  hoar.  to.  «...l.  «o»t«lol=S 
indicators  ».r.  ..ratod  for  15  -tout..  again  hsmstloally  o<amMW 
tot.  to.  sjstto  tod  th.  procedure  with  totoal.  rop.atod;  aftor  thi.  to. 
vassals  tor.  altovrf  to  .ttod  for  48  hour..  Utogatoor  th.  «cp.rtetot 
Ustod  TO  -  n  htora.  aftor  a  .ptolfi.d  tto.  to.  todlc.tor.  -to.  rtoowd 
sno  tu  oo.nl  <  tod  to.  Isngto  of  toa  oplootll.  tod  to.  radii  of  to. 
we  fet«wlM*  by  a  ruler. 

to  cash  variant  of  to.  axrartoto,  200  -  500  Indicator.  oor.  and. 
Altogatoor  95  .xp.Hto.to  oito  3  tortont.  pto  oxptototot  tor.  «rri.d  out. 
to.  flguro.  obtain.,  for  to.  granto  of  to.  .pronto  aftor  appropriate 
.tati.tloal  proeoastog  nr.  oonparsl  ulto  ..oh  .ton.  Inhibition  of  to. 
grouth  of  to.  sprout,  to  to.  sxporltont.tosn  ooapand  .1th  a  ototrol, 
todioatod  toe  presence  «f  ethplsno;  toe  degree  Of  inhibition,  ton  eon- 
parcd  «ith  standard  inhibition  duo  to  to.  notion  of  .tbrl.no,  tooued, 
henevor,  to.  eonoentatlen  of  ethyl—  to  to.  .toosph.ro  «f  to.  tostru- 
„»t  a. s  sola.  to.  nltohllltr  of  th.  toptototot.  to.  oolenlato* 
according  to  the  i  sllewiag  formulas 
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,  X  -  the  arithmetical  mean  for  the 


.f  the  tut  m  -  the  mean  error  of  the  erlth*«ticel  »e«a. 

la  order  fc*  ccsrlnoe  ourselves  that  by  using  a  biological  indicator 
ue  actually  did  detect  ethylene,  air  w*  passed  through  a  ehaj*er  with 
10  -  1*>  rats  Inoculated  with  sarcoma  M  -  1  fire  to  fifteen  days  earlier j 


the  air  was  subsequently  passed  through  a  cooled  (1*5  )  Mi-Ion 
reagent  for  57,  30,  and  2?  days.  Subsequent  treatment  of  th*  reagent 
*ith  hydrochloric  acid  evolved  a  gas  which  was  eellected  In-empulea. 
Analysis  of  the  collected  gas  samples  was  carried  out  using  a  mass-spec, 
iron. tor  by  prof.  K.  tonitokly  »d  to.  otolor  ro..«rto  ...tottot  ^ 


r 
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M.  V.  Tikhomirov  in  the  adsorption  process  laboratory  of  the  L.  Ya.  Kar¬ 
pov  Physical-Chemical  Research  institute. 

Table  1 

inhibition  of  the  growth  of  Vida  sativa  "h  -  10"  sprouts  in  relation 
to  the  concentration  of  ethylene  gas  in  the  atmosphere. 


Experiments 
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*  E  —  tyteotile;  K  -radix. 


1)  Humber  of  repetitions;  ■ 

2)  Inhibition  of  growth  in  test  compared  with 
control  in  percent. 


Results  of  the  investigation 


In  table  1  typical  data  ere  given  for  character  is  tie  nagnitudes  of  the 

inhibition  of  growth  of  the  Vlcla  sativa  sprouts  in  relation  to  ethylene 

concentration  in  the  atmosphere*  Accerding  to  those  data  the  standard 

curve  was  constructed  with  which  the  experimental  data  were  compared.  , 

Prom  tables  1  and  2  it  is  evident  that  more  sensitive  toward  small 

ethylene  concentrations,  in  the  order  ef  1*1Q6,  are  the  primary  reots 

(radix )  ef  the  Viola  sativ*  "h  -  10“  sprouts  as  compared  with  the  epiee- 

tile.  in  botanical  studios  ef  ethylene  only  the  reaotion  toward  the 
20,  21*  23 

epicotile  is  used  *  •  .  • 

in  our  study  :  we  considered  basically  the  reactions 

toward  the .radix,  and  in  passing  alae  the  reaction  toward  epieetil*. 

Proa  table  2  it  is  evident  that  healthy  rats  (control  xxj  for* 

endeger  .ua ly  and  exhale  ethylene  into  the  surrounding  atsesphar 
in  a  quantity  of  about  17  -  20  mierolitera  to  1  kg.  of  lira  weight 

in  a  24  hour  period  during  the  first  15  days  of  the  experiment;  from 
the  13 th  to  the  £0fch  day  (for  3  days)  the  exhalation  of  ethylene  in¬ 
creased  twofold.  Tumorous  rats  within  toe  first  ten  days  after  inocu¬ 
lation  (test  1)  exhaled  ethylene  in  a  quantity  exceeding  5.4  times  toe 
exhalation  from  healthy  rats  (cental  XI)*  Furthermore,  with  the  appear- 
s?ice  of  necrosis'  and  up  to  the  time  ef  the  ulceration  of  the  tumors 
(20th  day  after  inoculation)  the  quantity  ef  ethylene  exhaled  by  sarco¬ 
matous  rats  gradually  fell  and  on  toe  20th  day  (ulceration  of  tumors ) 
arrived  at  the  original  quantity  (eontrol  XX,  up  to  15  days). 

Tables  3  and  4  represent  toe  results  ef  tests  ef  two  other  series. 
These  data  confirm  the  regularity  of  toe  increased  ethylene  production 
by  tumorous  animals  and  its  decrease  at  toe  time  of  toe  ulceration  ef  tot. 
tumors* 

Production  of  ethylene  by  toe  healthy  control  animals  from  too  15th 


Table  2 

Comparative  Dynamics  of  Ethylene  Sxahalation  by  Tu¬ 
morous  Eats  (Sarcoma  K  -  1)  in  delation  to  the 
Progress  of  the  Sickness  (Inhibition  of  the  Growth 
of  Vicia  sativa  "h  -  10"  Sprouts). • 
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1)  Test  number;  2)  number  of  repetitions;  3)  time  of  • 
tumor  growth  in  days:  4)  reading  of.;  5)  growth  of  sprouts 
in  mm;  6) . inhibition  of  growth  of  the  sprouts ' in  relation 
to  control  III;  7)  the  quantity  of  ethylene  which  separa¬ 
ted  in  24  hours  per  1  kilogram  of  the  life,  weight  of  rats 
(in  mcl);  8)  I  test;  9)  II  control;  10)  III  control;  11) 
rats  with  sarcoma;  12)  healthy  rats;  13)  no  rats. 


to  the  20th  day  of  the  experiment  increased  twofold  as  compared  with  the 
proceeding  days  (.Table  2),  We  assumed  that  the  reason  for,  this  was 
a  catalytic  action  of  the  inoreased  concentration  of  ethylene, exhaled 
by  the  sarcomatous  rats,  on  the  healthy  rats  looated  in  a  cage  next  to  a 
cage  with  the  sarcomatous  ones*  The  basis  for  such  an  assumption  were 
data  from  work  of  a  number  of  research-botanists,  which  shoved  that  ethyl¬ 
ene  possesses  a  clearly  expressed  autoeatalytie  property  for  its  formation 
by  plant  tissues.  For  the  explanation  of  this  question  we  carried  out 
another  series  of  experiments  with  ?  time  points  for  ethylene  determina¬ 
tion,  data  for  Which  are  given  ih  Fig.  3*  Shewn  on  the  graph  is  the 
comparative  dynamics  of  ethylene  exhalation  by  rate  with  subcutaneous 
n<m-iaf  actions  abscesses. 

Table  3 

The  comparative  dynamics  of  ethylene  production  by  rat's  organism 
during  the  growth  of  inoculated  sarcoma  K  -  1  (intense  tumor  growth). 
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table  4 

The  eemparstiva  dynamics  af  ethylena  production  by  pat's  •rganlaa 

daring  the  growth  of  Inoculate*  aareeaa  M  -  1  (intense  tuner  growth ) . 

(slow  In  tumor  growth) 


Age  ef 

'tvfr 

inhibition  ef  growth 

of  Vicia 

reliability 

tuners 

stage 

sativa 

* 

in  days 

sproute  in  pereent 

— 

compare*  : 

be  central 

•pice- 

1 

.*• 

til. 

radix 

radix 

D 

to 

Growth 

9 

30 

;s~ 

Onset  of  necro 
sis. 

*/ 

31 

3* 

rr 

Necrosis 

i 

H 

+<r 

37 

Necrosis ,  ul 
ceratian 

9f 

4 

u 

30 

Necrosis,  ul 
eerativa 

17 

t3 

3  S 

pi  S' 

As  eon  be  seen,  ihe  healthy  rats  (control  ill)  which  were  isolated 
.ir*oa  the  experimental  rats  during  ihe  entire  experimental  period  (20  days } 
wiifonaly  exhaled  ethylene  in  a  quantity  of  18  microlltars  per  1  kg,  of 
lire  weight  in  a  24  hour  period,  however,  those  healthy  rats  .which 
were  given  ethylene  by  way  of  inhalation  for  2  hours  (once  only)  J>  days 
in  advance  of  the  experiment  in  a  concentration  of  1:10^  in  air  (central 
iii,  by  the  beginning  of  the  experiment,  i,  e.  £  days  after  inhalation, 
and  to  the  end  of  tne  experiment  exhaled  143  microlltars  of  ethylene  per 
1  kg.  of  live  weight  in  a  24.  hour  period,  i,e,  8  times  as  as  the 

controls  Uxxj. 


Healthy  rats*  weighing  80  -  8$  g.  and  more,  24  in  nuaber*  vend 
exposed  to  ultraviolet  light  once  a  day  {except  holidays)  far  20  ninutea 
and  for  a  period  of  8  months*  did  net  produce  ethylene  during  the  tine 
when  the  control  animals  exhaled  18  -  20  mierolitere  ©f  ethylene  per 
1  kg.  of  weight  in  a  24  hew  period. 

Healthy  animals, after  having  been  given 
three  subcutaneous  infections  of  1  nl»  of  a  20  paroant  alumina®  hydrexide 
suspension  each  time*:  fan  the  5th  day  after  the  last  injection  scaled 
«,  _  ^0  times  more  ethylene  than  the  controls,  Ihe 

determinations  ware  carried  out  once  a  week  for  2  months*  but  thereafter 
every  month  for  10  months.  After  11  -12  months 

eight  out  of  the  fifteen  experimental  rata  developed  tumors  -  sar¬ 
comas  -  at  the  location  of  the  subcutaneous  injection.  Several  turners 
reached  a  weight  of  70  g*,  the  total  weight  of  the  animal  being  200  g. 

All  the  rats  that  developed  tumors  were  affected  lightly. 

The  quantities  in  Table  5  fit  the  assumption  that  live  swine  aeearlda 
liberate  in  24  hours  per  1  kg,  of  weight  16  mieroliters  of  ethylene. 

In  Table  6  the  result  of  the  verification  by  mass-spectre- 

metric  analysis  of  the  gas  is  shown*  as  determined  by  a  biological 
indicator  to  be  ethylene,af ter  a  continuous  exhalation  of  it 

by  sarcomatous  rats  (57#  30*  and  27  days),  M  w®11 

as  concentrations. 

The  results  obtained  indicate  that  the  endegenie  formation 

of  ethylene  is  inherent  in  rats  and  asearids.  Considering  the  fact 
that  a  number  of  authors  have  shown  the  possibility  of  ethylene  for¬ 
mation  by  many  higher  plants  end  fungi*  it  can  be  assumed  that  this 
phenomenon  is  inherentalso  in  many  forma  of  animals*  and  in  their  ^ 
number  ,  also  in  man. 


Figv  3*  Comparative  dynamics  of  ethylene  exhalation  by 

rats  with  sub¬ 
cutaneous  abscesses  (by  rats  of  variants  X  and  jj.  which 
were  given  ethy¬ 
lene  $  days  in  advance  of  the  experiment ) 


1  -  rats  with  subcutaneous  abscesses  (test  1) 
2.  -  healthy  rats  (control  xij 
3  -  healthy  rats  (control  111) 

1?.  -  control  (without;  rats ) 


The  rats  with  the  non-infectuous  subcutaneous  abscesses 
(test  a), 

for  the  whole  period  of  sickness  until  tne  full  healing  of 
the  wounds 

caused  by  tne  abscesses, completely  lost  the  ability, caused 
by  inhalation 

of  ethylene  by  the  animal,  to  produce  an  increased  quantity 
of  ethylene 

as  compared  with  the  control  ^li). 


Table  5 


Inhibition  of  Growth  of  Vicia  Sativa  Sprouts  Due 
to  the  Emanation  of  Ethylene  Liberated  by 

Asoarlus  cuum 

4 


TopMOScemie  pocra  radix 
b  enure  no  cpaweHMio 

C  KCHTp0.ieM 


+  lO£3-2  18  2,9 

-f  164:3-  \  27  5.3 

-H}-fc3-2  !!»  3.1 

+  12.3  21  3.S 


1)  Test  Jo,; 

2)  Repetitions; 

3)  lumber  of  indicators; 

4}  Growth  of  radix  in  mm; 

5)  Inhibition  of  radix  growth  in  the  test  as  compared 
with-  the  control: 

6}  Control; 

7)  Test;  . 

8)  In  am; 

5)  In  percent; 

10)  Average. 


Tabic  6.  Bisults  of  a  mass  -ape  o  trun  trie  analysis  *f  gaaas  of  thi  air 
circulated  through  a  ©haaber  containing  tumorous  rats* 


Components 

Contents  in  percent 
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i  ■  • 

Central 

•r 

Ka.X 

Hc.3  .... 

«  $e  _ 

after  5?  days 

after  30d. 

aft.  27  d. 

EMflB 

aft.30d 

m— 

V 

0,?Y 

0,0 

Hitrogen 

Ml 

*3.1 

‘ItK 

Other  gases 

■  ■  ■  i 

j 

o, 

/,7 

.  •  •  •  j 

— - -1 

/£**■ 

Several  external  factors,  probably,  being  catalysts  can  increase 
the  endogenic  iTermatian  of  ethylene  In  the  erganlaa,  but  ether  factors 
of  the  oxidizing  type,  possibly  transform  ethylene  into  its  oxide  and 
other  derivatives. 

Ultraviolet  light.  X-rays,  and  radioactive  radiation,  being 
the  strongest  oxidising  factors,  possibly,  act  on  the  organism  as 
carcinogens  by  transforming  ethylono  Into  its  oxide. 


Conclusions 

1.  Healthy  animals  fora  ethylene  endogenously  and  oxhale  it  Into 
the  surrounding  medium  at  a  rate  of  17  -  20  aieroliters  per  1  leg.  ef 
weight  in  21*  hours.  , 

2.  After  enlmals  are  subcutaneously  Injected  with  tumors  the  pre- 
due  tion  of  ethylene  increases  k  -  5  fold,  during  the  period  of  the  begin¬ 
ning  of  the  disintegration  of  the  tumor  the  exhalation  ef  ethylene  de¬ 
creases  and  by  the  time  of  ulceration  drops  to  the  original  quantity 

(17  -  20  microliters )  .  — 


r  3.  Healthy  rats  after  inhalation  of  ethylene  acquit 

re  the  ability  to  produce  ethylene  in  increased  quantities 
as  compared  with  controls.  . 

4.  The  formation  of  subcutaneous  abscesses  in  ani¬ 
mals  takes  away  their  ability  to  exhale  ethylene  into  their, 
surrounding  medium. 

5.  Animals  after  receiving  a  subcutaneous  injection 
of  a  suspension  of  aluminum  hydroxide  increase  the  produc-  j- 
tion  of  tehylene  as  compared  with  controls. 

6.  Healthy  animals  after  exposure  to  ultraviolet 
light  decreased  the  amount  of  ethylene  exhaled  three  times 
as  compared  with  the  control. 
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